Abstract We study the relationship among isophotal shapes, central light profiles and kinematic properties of early-type galaxies (ETGs) based on a compiled sample of 184 ETGs. These sample galaxies are included in the Data Release 8 of Sloan Digital Sky Survey (SDSS DR8) and have central light profiles and kinematic properties available from the literature, which were measured based on Hubble Space Telescope (HST) and ATLAS 3D integral-field spectrograph (IFS) observations, respectively. We find that there is only a weak correlation between the isophotal shape (a 4 /a) and the central light profile (within 1 kpc) of ETGs. About two-fifths of "core" galaxies have disky isophotes, while one-third of "power-law" galaxies are boxy deviated. Our statistical results also show that there are weak correlations between galaxy luminosity and dynamical mass with a 4 /a, but such correlations are tighter with central light profile. Moreover, no clear link has been found between the isophotal shape and the Sérsic index. Comparisons show that there are similar correlations between a 4 /a and ellipticity and between a 4 /a and specific angular momentum λ Re/2 for "power-law" ETGs, but there are no such correlations for "core" ETGs. Therefore, we speculate that the bimodal classifications for ETGs are not as simple as previously thought, though we also find that the most deviated disky ETGs are "power-law", more elongated and fast rotators.
INTRODUCTION
The formation or assembly history of early-type galaxies (hereafter ETGs) has been a hot topic in the field of galaxy formation and evolution. Since the formation history of ETGs can imprint on their photometric and kinematical properties, extensive efforts have been made to explore these properties utilizing both imaging and spectroscopic observations. Since then significant progress has been made. Especially, dichotomies in isophotal shapes, nuclear light profiles and kinematics were found. In most cases, isophotal shapes are not perfect ellipses. Fourier analyses of the deviations from ellipses showed that the most significant non-zero component is the coefficient of the fourth cosine term (i.e., a 4 /a; see Lauer 1985; Bender et al. 1988 Bender et al. , 1989 Hao et al. 2006; Kormendy et al. 2009b) . The sign of a 4 /a was used to divide ETGs into two classes: boxy (a 4 /a < 0) and disky (a 4 /a > 0) (Bender et al. 1988; Faber et al. 1997) . Interestingly, some other properties also show that boxy and disky ETGs are two different populations. Boxy ETGs tend to be bright, have strong radio and X-ray emission, and rotate slowly while disky ETGs are faint, radio-quiet, have no X-ray hot gaseous halos and show regular rotation patterns.
Similarly, dichotomy was also found in the central properties of ETGs. Based on high resolution images obtained by HST (Hubble Space T elescope), it was found that the central surface brightness profiles of ETGs could be fitted by a "Nuker Law" with the form of Σ(r) ∼ r −γ (Crane et al. 1993; Ferrarese et al. 1994; Lauer et al. 1995) . ETGs with steep inner cusps (γ > 0.5) are classified as "powerlaw" galaxies, while ETGs with shallow inner profiles (γ < 0.3) are called "core" galaxies (Lauer et al. 1995; Faber et al. 1997) . In a more recent study, Lauer et al. (2007b) introduced γ ′ as an indicator of the bimodal classification, which is the local slope at the HST angular resolution limit, instead of γ that is the inner cusp slope as r → 0. ETGs with γ ′ > 0.5 are called "power-law" galaxies, "core" galaxies are those with γ ′ < 0.3, and the rest, i.e., ETGs with 0.3 < γ ′ < 0.5 are classified as "intermediate" type. The inner slope of the central profile of ETGs correlates with their global physical properties such as the luminosity, rotation velocity and isophotal shape (Faber et al. 1997; Lauer et al. 2007b) .
The kinematics of ETGs were usually described by a ratio of the rotational velocity to the velocity dispersion (v/σ). Recently, the SAURON Survey proposed a new tracer of the kinematical properties of ETGs, the specific angular momentum λ R (see section 3) to divide ETGs into fast and slow rotators (e.g. de Zeeuw et al. 2002; Emsellem et al. 2007) . As an extension of the SAURON survey, the ATLAS 3D team conducted a multi-wavelength survey for a carefully selected volume-limited ETGs sample with 260 objects using the SAURON integral-field spectrograph (IFS). Based on these observations, the ATLAS 3D team quantitatively classified ETGs into fast and slow rotators by using λ R = 0.1 (e.g. Krajnović et al. 2011) . Fast rotators have regular stellar rotation with alignments between the photometric and kinematic axes, low luminosity and large ellipticity, while slow rotators show little or no rotation, and tend to be more massive and rather round (e.g. Cappellari et al. 2007; Emsellem et al. 2007 Emsellem et al. , 2011 .
Given that dichotomies have been found in isophotal shapes, nuclear light profiles and kinematics, it is interesting to investigate relations between these properties and with other galactic properties. Virtually, several studies have focused on such issues but reached conflicting conclusions. Krajnović et al. (2013) compared the nuclear light profiles and large scale kinematics of 135 ETGs, and concluded that there is no evidence for bimodal distribution in the nuclear slope. Emsellem et al. (2011) also pointed out that the a 4 /a parameter appears not to be directly related to the kinematic properties of ETGs. In a word, ATLAS 3D team argues against the dichotomy of ETGs based on their isophotal shape (a 4 /a) and nuclear light profile. However, Lauer (2012) investigated the relation between the kinematics and central structures based on an ETG sample with 63 objects and found that they are well correlated if a criterion of λ Re/2 = 0.25 (see section 3) is used to separate fast and slow rotators. The correlation shows that slow rotator ETGs usually have cores, while "power-law" galaxies tend to rotate rapidly.
From a theoretical point-of-view, simulations of galaxy formation indicate that the bimodality of isophotal shapes and central profiles of ETGs is correlated with galaxy merger histories, but such relations are complicated. The dissipationless simulations by Naab & Burkert (2003) and Naab & Trujillo (2006) showed that the equal-mass mergers of two disk galaxies tend to produce boxy ETGs, while unequal-mass mergers lead to disky ETGs. But Khochfar & Burkert (2005) found that the isophotal shapes of merger remnants depend not only on the mass ratio of the last major merger, but also on the morphology of their progenitors and the subsequent gas infall. Using hydrodynamical simulations, Hopkins et al. (2009a, b) concluded that "power-law" ETGs are formed by dissipational mergers (wet-mergers) in the sense that the inner extra light/outer profile are formed in a compact central starburst/outer violent relaxation respectively, whereas "core" galaxies are formed by dry-mergers through subsequent merging of gas-poor ellipticals. During the process of dry-merging, the center becomes dense and compact because the merging binary black holes scatter out the inner stars.
Therefore, there is still a debate on the dichotomy of ETGs and their formation history from both observational and theoretical sides. In this work, we re-investigate the correlations among isophotal shapes, central light profiles and kinematic properties of ETGs based on a large compiled sample with 184 ETGs observed by both HST and SDSS DR8.
The paper is structured as follows. In section 2 we describe the sample used for this work. Then we outline the data reduction in section 3. We present the main results in section 4 and finish with a summary in section 5. We adopt a Hubble constant of H 0 = 70 km s −1 Mpc −1 , a cosmology with matter density parameter Ω m = 0.3, and a cosmological constant Ω Λ = 0.7.
SAMPLE
To explore the relations between isophotal shapes, central light profiles and kinematics of ETGs, we need an ETG sample with these properties either available or measurable. As mentioned in the introduction, in the literature there are large ETGs samples observed with HST and their central light profiles have been carefully investigated. However, these observations only cover the central parts of the ETGs because of the small field of view of HST. Therefore SDSS images will be used to measure the global properties of ETGs instead.
Our ETGs sample is compiled from three sources. The first is from the cross-correlation of the SDSS DR8 photometric catalog with 219 ETGs collected by Lauer et al. (2007b) . The sample galaxies in Lauer et al. (2007b) Quillen et al. 2000; Ravindranath et al. 2001) . It encompasses 117 "core" galaxies, 89 "power-law" galaxies and 13 "intermediate" galaxies. The crosscorrelation of these 219 ETGs with the SDSS DR8 leads to 111 ETGs, in which there are 54 "core" galaxies, 54 "power-law" galaxies and 3 "intermediate" galaxies, respectively. The second is taken from Krajnović et al. (2013) with 135 ATLAS 3D galaxies available in the HST archive. But 61 out of 135 ETGs have been included in Lauer et al. (2007b) . A cross-correlation of the remaining 74 objects with the SDSS DR8 photometric catalog leaves us with 52 ETGs, consisting of 3 "core" galaxies, 37 "powerlaw" galaxies, and 12 "intermediate" galaxies. The third is from the cross-correlation of the SDSS DR8 photometric catalogue with the sample of 23 ETGs studied by Hyde et al. (2008) , which were observed with Advanced Camera for Surveys (ACS) on HST and the velocity dispersions are larger than 350 km/s. 21 ETGs were selected, including 6 "core" galaxies, 9 "power-law" galaxies and 6 "intermediate" galaxies. In total, we construct an ETGs sample with 184 galaxies, which consist of 63 "core" galaxies, 100 "power-law" galaxies and 21 "intermediate" galaxies, respectively. The redshifts of 111 ETGs from Lauer et al. (2007b) and 52 ETGs from Krajnović et al. (2013) are less than 0.04, while the 21 ETGs from Hyde et al. (2008) are in the range of 0.1 < z < 0.3. All ETGs are in the luminosity range of −24 < M V < −15.
DATA REDUCTION AND PARAMETER ESTIMATION
We obtained the corrected frame fpC-images in the r-band for our sample ETGs directly from the SDSS DR8 Data Archive Server. For each frame (2048 × 1489 pixels), reductions including bias subtraction, flat-fielding, pixels defects and cosmic rays correction have been performed by the SDSS photometric pipeline (PHOTO, Lupton et al. 2001) .
The background subtraction process is similar to that of Liu et al. (2008) and He et al. (2013) , which has been successfully applied to the brightest ETGs. In the following, we outline this approach briefly. First, SExtractor (Bertin & Amounts 1996) has been used to generate a background-only image with all detected objects flagged out. Then a median filter with 51 × 51 pixels is used to convolve the background-only image. After the median filtering, second-order Legendre polynomials are fitted to rows and columns separately by using the IRAF/NFIT1D task. Finally, we obtain the sky background model by using a circular Gaussian filter with σ = 9 pixels to smooth the fitted frame. This sky background model is then subtracted from the original SDSS corrected frame. After sky background subtraction, the frame is trimmed to 501 × 501 pixels with the target galaxy centered and other objects masked out by using SExtractor. In the following, isophotal photometry will be performed on this final trimmed frame.
The IRAF/ELLIPSE task is used to perform the surface photometry. Given some initial guesses for galaxy geometric centre, ellipticity, semi-major axis length and position angle, the task fits the isophotes by a series of elliptical annuli from the centre to the outskirts, with a logarithmic step of 0.1 along the semi-major axis. The output of IRAF/ELLIPSE includes the mean isophotal intensity, the position angle P.A., the ellipticity ǫ for each annulus, and particularly the fourth harmonic deviations of Fourier analyses from the isophotal ellipses as a function of the semi-major axis. We derive the characteristic parameters a 4 /a and ellipticity ǫ by weighting them with the flux within the elliptical annulus over a region of twice FWHMs (full width of half-maximum) of seeing to the effective radius R e .
Apart from a 4 /a and ǫ, several other galactic properties including the Sérsic index, luminosity and dynamical mass are calculated. The Sérsic index n and effective radius R e were obtained by fitting a point-spread function (PSF) convolved Sérsic model (Sérsic 1968) to the r-band sky-subtracted images using the algorithm GALFIT (Peng et al. 2002) . The absolute magnitude is derived by M = m − 5log(D L /10 pc) − A − k, where the apparent Petrosian magnitude m and the extinction A are taken from the SDSS DR8 photometric catalogue, D L is the luminosity distance and the k-correction k is derived using the KCORRECT algorithm of Blanton & Roweis (2007) . In order to transform the SDSS photometric data to the standard UBVRI Vega magnitude system, formula of Smith et al. (2002) has been used to get the absolute galaxy luminosities in the V -band. We derive the dynamical mass of sample ETGs based on the formula of M dyn ≈ σ 2 R e /G, where σ is the corrected velocity dispersion at effective radius R e following von der Linden et al. (2007) . In our sample ETGs, the velocity dispersions σ are available for 136 objects, including the center velocity dispersions for 101 ETGs obtained from Lauer et al. (2007a) and the velocity dispersions of other 35 ETGs from the SDSS DR8 spectroscopic catalogue.
To compare with the central surface brightness profile and kinematic properties, the characteristic parameters γ ′ , r γ and λ Re/2 were taken from the literature (Lauer et al. 2007a, b; Hyde et al. 2008; Cappellari et al. 2011; Krajnović et al. 2013) . We describe briefly the way they were derived here. The central surface brightness profile is fitted by a "Nuker Law" with the following form
where the break radius r b is the point of maximum curvature in log-log coordinates, I b is the surface brightness at r b , −β is the asymptotic outer slop, α is the sharpness of the break, and γ is the inner cusp slope as r → 0 and is distinguished from γ ′ , which is the local slope evaluated at the HST angular resolution limit r 0 , where
As described in the introduction, the ETGs are classified into disky (a 4 /a > 0) and boxy (a 4 /a < 0) galaxies by their isophotal shapes, and they are also divided into "core" (γ ′ < 0.3), "power-law" (γ ′ > 0.5) and "intermediate" (0.3 < γ ′ < 0.5) galaxies according to their central light profiles. For "core" galaxies, the physical scale of the core is characterized by the "cusp radius", r γ , which is a radius at which γ ′ equals 0.5. Specifically, r γ is given by
The specific angular momentum parameter λ R is used as a discriminator of fast and slow rotators, where λ R is defined as
where F n is the flux, R n is the circular radius from the center of the galaxy, V n and σ n are velocity and velocity dispersion inside the n-th spatial radial bin. Particularly, λ Re/2 is the λ R measured within half of the effective radius R e . We list all these parameters for "core", "power-law" and "intermediate" galaxies in Tables 1, 2 and 3, respectively. 
RESULTS AND DISCUSSIONS

The relations of a 4 /a with central properties of ETGs
In this subsection, we re-visit the relations between the isophotal shape described by characteristic parameter a 4 /a and the central photometric properties of ETGs. Figure 1 shows the distributions of a 4 /a for "core" and "power-law" ETGs. It is clear from the histograms shown in Figure 1 that the distribution of a 4 /a for "core" and "power-law" ETGs is not significantly separated, i.e. the a 4 /a distribution of a large fraction of "core" and "power-law" ETGs overlap. The fractions of boxy and disky galaxies are 59% (37/63) and 41% (26/63) for "core" ETGs, and the median value of a 4 /a is −0.26 × 10 −3 . While for the 100 "power-law" ETGs, the fractions of boxy and disky galaxies are ∼ 35% (35/100) and 65% (65/100), respectively, and a 4 /a has the median value of 1.88 × 10 −3 . It suggests that "core" galaxies are not necessarily boxy, and only two-thirds "power-law" galaxies have disky deviated isophotes. But the most deviated disky galaxies are "power-law" galaxies.
The left panel of Figure 2 shows the a 4 /a as a function of γ ′ that describes the slope of the central surface brightness profile of ETGs (see Lauer et al. 2007b ). The two dotted vertical lines in Figure 2 divide sample ETGs into "core", "intermediate" and "power-law" galaxies, while the disky and boxy ETGs are located above and below the horizontal dotted line. Although, there is a trend that the values of a 4 /a increase as γ ′ increasing, the scatter shown in Figure 2 is quite large, i.e. the correlation between a 4 /a and γ ′ is weak. The Spearman rank-order correlation coefficient between a 4 /a and γ ′ is r s = 0.24 and the probability that no correlation exists between these two parameters is 1.12 × 10 −3 . Apart from the central light profiles slope γ ′ , the values of r γ characterize the physical scale of the core of ETGs ("cusp radius", Lauer et al. 2007a) . Lauer et al. (2007a) claimed that the core size r γ is tightly correlated with the galaxy luminosity L and the black hole mass M • . However, from the right panel of Figure 2 that shows the a 4 /a as a function of r γ , there is no correlation found between a 4 /a and r γ for "core" ETGs.
Note that Bender et al. (1989) pointed out that a 4 /a might be influenced by the projection effect, but such effect could only lead to the change on its absolute value, but not the sign of a 4 /a. Thus the classification of boxy and disky ETGs reflects the intrinsic isophotal property of ETGs. Therefore the statistical results shown above do not support the statement that there is a close relation between isophotal shape and their central light profile for ETGs.
The relations of a 4 /a with global properties of ETGs
In this subsection, we investigate the relations of the isophotal shape with other global physical properties for "core" and "power-law" ETGs. The left panel of Figure 3 shows a 4 /a as a function of the V -band luminosity (M V ). It can be seen from the left panel of Figure 3 that there is a weak correlation between a 4 /a and M V for the whole sample ETGs, indicating that boxy (disky) ETGs tend to be bright (faint). Faber et al. (1997) pointed out that luminous galaxies with M V < −22 mag have shallow "core" inner profiles, faint galaxies with M V > −20.5 mag show steep "power-law" inner profiles, and for those with −22 < M V < −20.5, "core" and "power-law" galaxies coexist. Therefore, it is interesting to visit the fractions of boxy and disky galaxies in these luminosity intervals. The fraction of boxy (disky) galaxies is ∼ 32% (68%) for faint ETGs with M V > −20.5 mag, while ∼ 58% (42%) for the most luminous ETGs with M V < −22 mag. For ETGs in the luminosity interval of −22 < M V < −20.5, the fractions of boxy and disky galaxies are similar (∼ 46% and 54%, respectively). These results are consistent with Hao et al. (2006) . On the other hand, the fraction of "core" ("power-law") is ∼ 7% (79%) for faint ETGs with M V > −20.5 mag, while ∼ 74% (14%) for the most luminous ETGs with M V < −22 mag. In the luminosity interval of −22 < M V < −20.5, the fractions are comparable for "core" and "power-law" ETGs (∼ 41% and 53%, respectively). Thus we confirm the conclusion of Faber et al. (1997) . In the right panel of Figure 3 , we show the isophotal shape parameter a 4 /a as a function of the dynamical mass. Similar to the left panel of Figure 3 , there is tendency that a 4 /a decreases as ETGs are more massive and "core" ETGs are dominated by massive ETGs with dynamical mass larger than 10 11 M ⊙ . Therefore, the bimodal classification based on the central light profile ("core" and "power-law") is more tightly correlated with galaxy luminosity and dynamical mass than that based on isophotal shape (boxy and disky).
As is well known, the Sérsic law is widely used to model the surface brightness profiles of ETGs and the best fitting value of Sérsic index n could be used to describe the structures of galaxies. Based on photometric analysis for an ETGs sample in the Virgo cluster, Kormendy (2009a) claimed that giant ETGs characterized by n > 4 tend to be rotating slowly, less flattened (ellipticity ∼ 0.15) and with boxy isophotes as well as with "core" in their center. To test whether this argument applies to our ETGs sample, we plot a 4 /a as a function of the Sérsic index n in Figure 4 . It shows that there is no correlation between a 4 /a and the Sérsic index n and the Sérsic index n is smaller than 4 for quite a few of ETGs with "core" or boxy isophotes, which indicates that the central and isophotal properties of ETGs are not directly related to the Sérsic index n.
Moreover, ATLAS 3D group (e.g. Cappellari et al. 2011) claimed that both isophotal shape and central light profile of ETGs are secondary indicators of the galaxy kinematic structure. They strongly suggest using the specific angular momentum parameter λ R as a discriminator of the bimodal distribution of ETGs, i.e. fast and slow rotators. It is interesting to investigate relations among isophotal shapes, central light profiles and the kinematic properties as parametrized by λ Re/2 that is the λ R measured within half of the effective radius R e . For our sample ETGs, the specific angular momentum λ Re/2 is available for 111 objects from ATLAS 3D . The sample size is 1.8 times that of Lauer (2012) who only compared the central light profile to λ Re/2 . Figure 5 shows how a 4 /a varies with λ Re/2 for "core" and "power-law" ETGs. The dotted vertical line represents the λ Re/2 = 0.25 line dividing slow and fast rotators as suggested by Lauer (2012) , while the horizontal dotted line divides boxy and disky galaxies. It can be clearly seen that there is a trend that a 4 /a increases as λ Re/2 increasing and the ETGs with highest a 4 /a are fast rotators. However, we can also see that such trend is only for power-law ETGs. We note that a 4 /a and λ Re/2 are both affected by inclination effects. But inclination does not change the classification by isophotal shape or λ Re/2 (Bender et al. 1989; Krajnović et al. 2013) . So number statistics are more meaningful than the trend. The fraction of disky (boxy) galaxies is ∼ 70% (30%) for fast rotators (λ Re/2 > 0.25), while ∼ 44% (56%) for slow rotators (λ Re/2 < 0.25). Virtually Emsellem et al. (2011) already investigated the relation between isophotal shape parameter a 4 /a and kinematics of Fig. 3 Isophotal shape parameter a 4 /a versus the V -band absolute magnitude M V (left panel) and the dynamical mass (right panel). Circles represent "core" galaxies, triangles are "intermediate" galaxies, and crosses show "power-law" galaxies. The horizontal dotted line is the separation of disky (a 4 /a > 0) and boxy (a 4 /a < 0) ETGs. The vertical dotted lines in the left panel indicate the less luminous galaxies with M V > −20.5, luminous galaxies with M V < −22 and ETGs in the interval of −22 < M V < −20.5 reported by Lauer et al. (2007b) .
ETGs as characterized by λ N R e = λ Re / √ ǫ, and concluded that there is not a simple correlation between these two parameters. Note that λ N R e has been corrected for the inclination effects and λ N R e = 0.31 was used as a separator of slow and fast rotators by Emsellem et al. (2011) . We also examined the relation between a 4 /a and λ N R e based on our sample ETGs, and found a similar result to . But interestingly the fractions of disky/boxy galaxies in fast/slow rotators, as classified by Fig. 4 Isophotal shape parameter a 4 /a versus Sérsic index n. Circles represent "core" galaxies, triangles are "intermediate" galaxies, and crosses show "power-law" galaxies. The horizontal dotted line is the separation of disky (a 4 /a > 0) and boxy (a 4 /a < 0) galaxies. The vertical dotted line indicates ETGs with n = 4 following Kormendy (2009a) . λ N R e = 0.31, are similar to those classified by λ Re/2 = 0.25. Therefore, possible physical connection exists between a 4 /a and kinematic properties of ETGs whether the characteristic angular momentum parameter is influenced by projection effect.
The ATLAS 3D group (e.g. Krajnović et al. 2013 ) and Lauer (2012) both found that λ R is correlated with the ellipticity ǫ, and the distribution of "core" and "power-law"galaxies can be well separated in the λ-ǫ diagram. It is interesting to study the relations among the isophotal shapes, ellipticity and nuclear profiles of galaxies. Figure 6 shows a 4 /a as a function of ǫ for "core" and "power-law" ETGs. It shows that there is a weak correlation between a 4 /a and the ellipticity ǫ for "power-law" ETGs, Fig. 5 Isophotal shape parameter a 4 /a as a function of specific angular momentum λ Re/2 . The circles show "core" galaxies, triangles are "intermediate" galaxies, and crosses show "power-law" galaxies. The horizontal dotted line separates disky (a 4 /a > 0) and boxy (a 4 /a < 0) galaxies. The vertical dotted line shows the discriminator of λ Re/2 = 0.25 between slow and fast rotators. and no correlation between these two parameters for "core" ETGs. From Figure 6 , we note that the most distorted disky galaxies have the largest ellipticity, which is coincident with that found by Hao et al. (2006) . In that work, this was explained as a consequence of a biased viewing angle. However, as shown in Figure 1 and Figure 5 , the ETGs with largest a 4 /a are also "power-law" and fast rotators. So orientation cannot account for the high value of a 4 /a, which may be caused by some physical processes. Specially, for those 111 ETGs that have λ Re/2 measurements available from ATLAS 3D , the Spearman rank-order correlation coefficients and the probabilities that no correlation exists for λ Re/2 versus ǫ and Fig. 6 Isophotal shape parameter a 4 /a as a function of ellipticity ǫ. The red circles show "core" galaxies, triangles are "intermediate" galaxies, and blue crosses show "power-law" galaxies. The horizontal dotted line divides disky (a 4 /a > 0) and boxy (a 4 /a < 0) galaxies. The vertical dotted line shows galaxies with ellipticity separator of ǫ = 0.2. a 4 /a versus ǫ are r s = 0.55, 0.38 and Prob=3.96 × 10 −10 , 3.61 × 10 −5 , respectively. It indicates that the correlation between kinematic property and ellipticity is tighter than that between isophotal shape and ellipticity.
SUMMARY
In this paper, we study the relations among isophotal shapes, central light profiles and kinematic properties of ETGs based on a compiled sample with 184 objects observed with both HST and SDSS DR8. Our main results are summarized as follows:
1. There are no obvious relations of isophotal parameter a 4 /a with the central light profile slope γ ′ and the central "cusp radius" r γ . About 41% "core" ETGs have disky isophotes, and 35% "power-law" ETGs are boxy distorted. 2. Our statistical results show that there are only weak correlations between a 4 /a and the galaxy luminosity M V , and between a 4 /a and the dynamical mass. Nuclear profiles correlate with M V and dynamical mass more tightly. In addition, there is no any correlation between a 4 /a and the Sérsic index n. 3. There are similar correlations between a 4 /a and ellipticity and between a 4 /a and the specific angular momentum λ Re/2 , i.e. a 4 /a is correlated with ellipticity and λ Re/2 for "power-law" ETGs, but no such relations for "core" ETGs. Quite a large fraction of fast rotator ETGs (70%) have disky isophotes, while the slow rotator ETGs (56%) tend to be boxy. The most deviated disky galaxies (i.e. with highest a 4 /a) are fast rotators and "power-law" ETGs.
Our statistical results support the statement by ATLAS 3D group that isophotal shape (a 4 /a) of ETGs has no simple relation with both global and central properties of ETGs, but there seems to be correlation between a 4 /a and kinematic property for "power-law" ETG. Considering that galaxy formation is a very complicated process as shown by both observations and simulations, which can lead to different morphologies, isophotal shapes, central light profiles, kinematic and other global physical properties. There indeed exist some trend among some physical parameters, but simple bimodal classifications may be too simplistic. As a caveat, our sample is compiled in a somewhat complicated way, so the numbers quoted in this paper may suffer from some selection effects.
